Mature representations of space and number are connected to one another in ways suggestive of a 'mental number line', but this mapping could either be a cultural construction or a reflection of a more fundamental link between the domains of number and geometry. Using a manual bisection paradigm, we tested for number line representations in adults, young school children, and preschool children. Non-symbolic numerical displays systematically distorted localization of the midpoint of a horizontal line at all three ages. Numerical and spatial representations therefore are linked prior to the onset of formal instruction, in a manner that suggests a privileged relation between spatial and numerical cognition.
Introduction
Some of the central achievements of formal mathematics depend on the mapping between number and space (e.g., Descartes, 1637 Descartes, /2001 Euclid (in Heath, 1956) ). Fundamental to this mapping, and to measurement, is the arrangement of numbers on a line. Is the number line a product of human invention and cultural innovation, or does it spring from a basic propensity of the human mind to link representations of space and number? We explore this issue through studies of adults and children.
The best evidence for mental number lines comes from studies of the impact of spatial information on adults' numerical processing. When adults identify or compare numbers, they automatically activate an internal representation of a directional spatial continuum (Dehaene, 1992) . In most literate adults, this representation yields a temporal advantage in responding to smaller numbers on the left and to larger numbers on the right (the ''SNARC effect": Dehaene, Bossini, & Giraux, 1993; Fias, 2001; Fias, Brysbaert, Geypens, & d'Ydewalle, 1996) . The implicit association of a number with a lateralized spatial code also modulates performance in visuo-spatial tasks: appropriately positioned numbers speed the detection of lateralized targets and the initiation of motor movements towards the left or right spatial hemifields (Fischer, 2003; Fischer, Castel, Dodd, & Pratt, 2003) .
Finally, neurological patients with left hemifield neglect show a common signature bias both in bisecting a line and in bisecting a numerical interval, overestimating the midpoint number consistently with a rightward bias on a mental number line (Zorzi, Priftis, & Umiltà, 2002 ; see also Rossetti et al., 2004; Vuilleumier, Ortigue, & Brugger, 2004) . Nevertheless, it has been argued that the association between number and spatial laterality is related specifically to the ordinal meaning of numbers (Gevers, Reynvoet, & Fias, 2003 , 2004 , and is modulated by visual scanning habits related to reading (Dehaene et al., 1993; Zebian, 2005 , but c.f. Bächtold, Baumüller, & Brugger, 1998 Ito & Hatta, 2004) .
Further evidence for a number-space interaction comes from experiments using a different type of line bisection task. In this task, subjects are presented with horizontal lines flanked by Arabic digits, and they indicate the subjective midpoint of each line. Although the flanking numbers are irrelevant to the task, adults show a spatial bias towards the larger number, irrespective of its lateral position (de Hevia, Girelli, & Vallar, 2006; Fischer, 2001 ). This phenomenon is thought to reflect a cognitive illusion of length
